Molecular mechanics simulations of a conformational rearrangement of D-xylose in the active site of D-xylose isomerase.
A proposed reaction mechanism for the enzyme D-xylose isomerase involves the ring opening of the cyclic substrate with a subsequent conformational rearrangement to an extended open-chain form. Restrained energy minimization was used to simulate the rearrangement. In the ring-opening step, the substrate energy function was gradually altered from a cyclic to an open-chain form, with energy minimization after each change. The protein/sugar contact energy did not increase significantly during the process, showing that there was no steric hindrance to ring opening. The conformational rearrangement involves an alteration in the coordination of the substrate to metal ion [1], which was induced by gradually changing restraints on metal/ligand distances. By allowing varying amounts of flexibility in the protein and examining a simplified model system, the interactions of the sugar with metal ion [1] and its immediate ligands were found to be the most important contributors to the energy barrier for the change. Only small changes in the positions of protein atoms were required. The energy barrier to the rearrangement was estimated to be less than the Arrhenius activation energy for the enzymatic reaction. This is in accordance with experimental indications that the isomerization step is rate determining.